Introduction
Spin-crossover (SCO) between the low-spin (LS) and highspin (HS) states is observed in some octahedral 3d n (4 ≤ n ≤ 7) metal complexes, and SCO is a representative example of molecular bistability. 1, 2 The two spin states are interconvertible by physical perturbations (a change in temperature, pressure, irradiation with light, etc.), and therefore, the SCO metal complexes have attracted increased attention with regard to potential applications to new electronic devices such as molecular memories, switches, and visual displays. Matsumoto et al. and Kojima et al. have extensively investigated a series of iron complexes with N 6 tripod ligands containing three imidazole groups, H 3 L R = tris[2-(((2-R-imidazol-4-yl)methylidene)amino )ethyl]amine. [3] [4] [5] [6] [7] [8] The H 3 L R -Fe II and -Fe III complexes exhibit a wide variety of SCO transitions with different features in the steepness and multi-step nature, hysteresis, frozen-in effect, and so on. Combined with cryomagnetic measurements, 57 Fe Mössbauer spectroscopy provides important information about SCO phenomena in iron compounds; essentially, the HS/LS ratio of such a complex is derived directly from the Mössbauer area intensities at different temperatures. Figure 1 . Part of this work has been reported previously. 
Experimental
The procedures for preparing compounds 1-7 were reported previously. 5, 8 The 57 Fe Mössbauer spectra were recorded using a Wissel 1200 spectrometer and a proportional counter.
57
Co(Rh) moving in a constant acceleration mode was used as radioactive source. The calculated lines were obtained by least-squares fitting to Lorentzian peaks. The isomer shifts are reported relative to metallic iron foil. The sample temperature was controlled by a Heli-tran liquid transfer refrigerator (Air Products and Chemicals, Inc.) within an accuracy of ±0.5 K. 5 The counter anions are located between the 2D sheets. The 57 Fe Mössbauer spectra were investigated in the 78-298 K range for 1-3 and in the 4.2-298 K range for 4. The sample was initially rapidly cooled to 78 K for 1-3 and 4.2 K for 4, (within 3 min from room temperature), and the spectra were measured at selected temperatures in the warming mode, and then cooling mode.
Results and Discussion
The representative spectra of 1 (X -= BF 4 -) in the warming mode are shown in Figure 2 . At 78 K (Figure 2(d) (Figure 2(a) ). Between 120 and 250 K, both of the LS-Fe II and the HS-Fe II absorptions were observed in the spectra (Figures 2(b) and 2(c) ). A deconvolution analysis of the spectrum at each temperature was carried out to determine the molar fraction of the HS-Fe II versus total Fe II (γ HS ). The resulting Mössbauer parameters are summarized in Table 1 . The γ HS derived from Mössbauer area intensities are plotted against T in Figure 3 , along with the magnetic susceptibility (χ M ) data reported. 5 The temperature dependence of γ HS was essentially in agreement with that of χ M T for 1. The γ HS -T curve had a plateau region at ca. 160-180 K with the γ HS value close to 0.5, indicating a two-step SCO process; ( LS- -, the temperatures where γ HS = 0.25 and 0.75, respectively. The Mössbauer spectra of 1 in the warming mode and in the cooling mode were almost the same at each temperature.
The γ HS values of 2-4 derived from their Mössbauer spectra in the warming mode are plotted against T in Figure 4 , together with the γ HS data of 1 for comparison. Compounds 2 (X -= ClO 4 -) and 3 (X -= PF 6 -) gave γ HS -T curves closely similar to that of 1, showing a two-step SCO. However, the intervals of the T It is suggested that the ∆T 1/2 depends on the size of the counter anion. The γ HS -T curve of 4 (X -= NO 3 -) showed a small hump below ca. 50 K, which is ascribable to frozen-in effect; such a hump was not observed in the γ HS -T curve obtained by the cooling mode measurements (data not shown), while a somewhat large γ HS (0.24-0.26) still remained at 4.2-50 K for 4.
The 8 The anion X occupies the The γ HS -T curve of 6 (X -= AsF 6 -) in the warming mode, shown in Figure 6 , exhibited a plateau region at ca. 100-120 K with the γ HS value close to 0. Figure 6 . A small HS-Fe II absorption (γ HS = 0.08-0.12) was observed between 4.2 K and 78 K for 7 both in the warming and cooling modes. The above SCO behaviors of 5-7 suggests that the increase in the size of the counter anion in the series PF 6 -, AsF 6 -, and SbF By applying 57 Fe Mössbauer spectroscopy, this paper has revealed that the counter anion size is one of the important factors governing the SCO behavior for two types of 2D iron complexes, [ 
